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I n  the near future we will see man orbit ing and landing on the moon, and the 

establishment of an o rb i t a l  space station. These things being accomplished, and 

man's ab i l i ty . to  l i v e  and function effectively i n  space proven, the next log ica l  

step i n  the exploration of space i s  the manned orbi t ing and manned exploration of 

the planets nearest t o  Earth, ,Mars and Verius. The purpose of t h i s  a r t i c l e  i s  t o  

show the application of present technology t o  the problem of ;be support of man, 

within these vehicles, f o r  these missions. A number of possible systems f o r  the 

support of man f o r  longiterm missions within the solar system are  discussed, i n  

re la t ion  t o  the systems which are  currently being developed f o r  manned space 

s ta t ions  and other shorter term missions. The trade-off of weight as a function 

nf +;-A .PI- AI---- 
uAuc L~~ ~ e b e  systems i s  iiiscussed, together with a summary of the problems 

r e l a t ive  t o  man's influence on these systems, as well as the problem areas fore- 

seen f o r  these systems. 

The f i r s t  consideration for systems f o r  manned planetary missions i s  the 

e f fec t  t ha t  the mission length has on these systems. These systems .idst operate 

f o r  much longer periods t h a n  those currently planned f o r  manned space s ta t ions 

because of the  impossibility of providing resupply f o r  these planetary missions. 
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A s  a resul t ,  these long-term systems m u s t  d i f f e r  somewhat i n  operation and 

ccnstruct im.  

The current s t a t e  of the art indicates that it i s  possible t o  support men i n  

( ja  space environment for  periods of time up t o  3 months or so without resupply. It 

i 

I i s  not meant that the hardware required exis ts  today; however, the technology does 

ex i s t  so tha t ,  with good engineering design and system integration, it i s  possible 

t o  support men for  these time periods with a launch weight expenditure of about 

400 pounds per man. 

f igure 1: carbon dioxide removal, oxygen supply, or, i f  suff ic ient  power i s  

available for these missions, perhaps oxygen reclamation; water recycling t o  

recover water from urine, washing, and humidity control; as well as contaminant 

control. 

These systems include the following processes as shown i n  

Not included i s  the  food supply neccasary f o r  man. 
0 

The systems which a re  being considered a t  t h i s  point, the 3-month systems, 

have some ineff ic iencies  or  some lack of balance, which must be made up i n  the 

form of stores,  e i ther  carried along wi th  the i n i t i a l  launch vehicle or  resupplied 

a t  periodic intervals.  For example, the water reclamation f o r  these missions will 

probably not recover water contained i n  the feces of the occupants; thus some 

1/4 pound of water per man per day w i l l  be l o s t  f o r  use. 

l o s s  i s  probably ju s t i f i ed  since the weight of systems t o  recover t h i s  water would 

weigh more than the water which i s  l o s t  f o r  use during these time periods. 

similar fashion, i f  regenerable carbon dioxide removal systems only are  used, then 

For these missions this 

I n  a 

oxygen supplies must be provided i n  the form of stores.  

cles,  there  i s  available suff ic ient  power t o  afford the reclamtior,  of oxygen from 

the carbon dioxide, there will s t i l l  be some amount of oxygen storage required, 

on the bas i s  t ha t  there i s  contained i n  the expired cazbon dioxide somewhat less 

If, on board these vehi- 
~ 

I 
~ 

oxygen than i s  consumed by the occupants. I 
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Consider first the concepts which a re  suitable fo r  these tasks; those systems 

wnich are currently being designed f o r  the ~edium-term missioil 

u t i l i zed  f o r  planetary missions i f  large weights of stores could be carr ied i n  the 

launch vehicle. 

Astronautics, as a par t  of a space s ta t ion  issue.) 

which coiild “ue 

(A summaxy of these systems appeared i n  the September 1962, 

I n  f igure 2 i s  shown the weight of the environmental control system a t  launch 

per man, including a power penalty of 300 pounds per kilowatt of power required by 

these systems f o r  t h e i r  operation. 

appears t o  be reasonable when using solar c e l l  arrays. 

power supplies a re  believed t o  be too far i n  the future f o r  application, and f u e l  

This penalty of 300 pounds per kilowatt 

(For t h i s  use, nuclear 

ce l l s  a re  not applicable because of t h e i r  large weight f o r  missions of t h i s  

duration.) Shown here a re  the weights of systems used t o  control the environment 

within t h i s  spacecraft, including oxygen supply, carbon dioxide removal, humidity 

control, contaminant control, and spares. The weight of these systems i s  shown 

as a function of time of use, i n  days tha t  these systems a re  to be used. 

- 

The 

weights shown are  plot ted on log-log coordinates t o  i l l u s t r a t e  the importance of 

these expendable supplies; a l l  of these relationships a re  simple l i nea r  functions 

of a base weight plus a w e i g h t  per day of these expendables. The time period of 

i n t e re s t  f o r  these planetary missions i s  that  portion of the figure from about 

200 t o  perhaps 500 or 600 days ( the shaded portion of figure 2), as compared 

with the time of use f o r  which they were designed, about 100 days. Figure 2 

i l l u s t r a t e s  the  fundamental concept t ha t  time of use i s  the most important factor  

i n  system weight, a concept demonstrated by the  steep slope of the curves (1 and 2) 

which u t i l i z e  the  most supplies. These systems use one of the following means t o  

achieve t h i s  environmental control: (1) cryogenic oxygen supply and molecular 

sieves t o  remove carbon dioxide, these sieves being regenerated by exhausting t h i s  
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carbon dioxide to the vacuum of space; (2) partial reclamation of carbon dioxide, 

methane being exhmisted. to spice; ( 5 )  ccqlet:: rcgsneration of a l l  the oxy-gen coil- 

tained in the expired carbon dioxide; and (4) photosynthetic reactions. 

These systems are not charged with the thermal control or with the supplies 

to make up for vehicle leakage; however, all these systems have been charged with 

the amount of oxygen which is required to balance the cycle. 

associated with the lighter weight systems reflect their need for added supplies; 

and the greater base weights and flatter slopes are associated with those com- 

ponents which recover more of the waste products. 

The steep slopes 

Again, all these systems are 

penalized at a rate of 300 pounds per kilowatt of power used in their operation. 

The large base weight associated with the photosynthetic reaction demonstrates 

the large volumes of water media currently needed to support the algae and the 

large surface areas or power penalties needed to illuminate them. 

In a similar manner, figure 3 shows tine weight as a function of time of m i s -  

sion for water management systems, including the reclamation of water from urine, 

washing, and from humidity control and the weight of the waste management system. 

These systems are charged with the water lost for use which is contained in the 

feces as well as any water lost for use in the reclamation process. In this fig- 

ure are shown two processes for the reclamation of waste liquid: 

compression-distillation process, which achieves its purification by passing the 

waste liquid through a vapor phase and then condensing the vapor to potable water 

and (2) a process operating on the electrodialysis principle, which achieves the 

purification xf the waste liquid by transferring the unwanted ions through a mem- 

brane as a result of the application of an electrical potential. 

systems presently require some pretreatment or post-treatment of the water. 

shown in this figure as dashed curves a r e  two theoretical. systems which, in 

(1) the 

Both of these 

Also 
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addition, are capable of reclaiming for use the 1/4 pound per man per day of 
---L _ _  
wd~,e=l~ coritairied iil the  feces arid w h i c h  have an overaii e s t i u t e d  efficielicy of 

reclamation of all waste liquid of 96 and 99.5 percent, respectively. Efficiency 

in this case, is output,quantity divided by input quantity. It can be seen from 

these theoretical curves that better efficiencies than are now available are 

required for these planetary missions, from a standpoint of vehicle launch weight. 

The weights which are given in the preceding paragra-phs (and shown on these 

two figures) are not to be taken as firm, fixed nmbers. 

systems can and w i l l  alter the picture considerably. Breakthroughs, better 

Improvements in these 

design, more efficient systems, and better systems integration can result in a 

decreased launch weight by reducing the basic weight of this nardware or, perhaps 

more important in the case of the long-term mission, improvements in the effi- 

ciencies will reduce the need for expendables and thereby reduce the weight which 

must be carried along on these missions, this decrease appearing as a decreased 

slope on these curves. 

0 

- 

Thus far, these figures have shown the weight of systems which were designed r’: 

for 3-month missions applied to missions of duration necessary to reach the e;’ 

nearest planets; these longer missions require that the launch weight be increased 

to approximately 860 pounds per m n  for the environmental control and the water 

management systems combined or to a weight more than double the weight necessary 

to support men for a 3-month mission. Furthermore, the weights shown have not 

included the weight penalties necessary to provide food for the occupants of these 

vehicles. None of these systems shown, with the possible exception of the photo- 

synthetic system, is capable of providing food for these men. It becomes neces- 

sary t’ilzn, to provide food as an expendable, at the least possible cost in vehicle 

launch weight. For these applications the use of freeze-dehydrated food is 
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probably most economical; t h i s  food has about 90 percent of the  water removed 

* f v n m  * v u  .it -hac.--- Y L . A v L T ;  p , c L L L L a t ; A A l g  nnn1r..n:,..rr 2nd resii1t.s in ti tiei&it r sd i ic t i~ i i  of &bout 59 pei-ceiit. 

(For use, this food i s  mixed with water from t h e  water management system and 

consumed.) 

per man per  day 

750 pounds per  man. 

providing some o r  a l l  of t h i s  food from a photosynthetic system i s  not particu- 

l a r l y  promising and w i l l  not be considered here.) 

water and eaten, i s  u t i l i zed  by the  body t o  provide energy and t o  maintain l i fe .  

This u t i l i z a t i o n  involves the oxidation of t h e  food with the  oxygen that i s  

breathed. 

The cost, i n  terms of vehicle launch weight f o r  this food 

f o r  a 500-day mission, f o r  example, would amount t o  some 

11 pounds 
( 2  

) 
(The present s t a t e  o f  t he  a r t  as  regards the  poss ib i l i t y  of 

Thls food, when mixed with 

Table I shows the  approximate water and oxygen balance of a m a n  i n  a closed 
0 

environment. 

t h a t  man consumes about 2.00 pounds per  day of  oxygen i n  breathing and exhales 

about 2 .23  pounds of carbon dioxide. 

By using the  bes t  approximations tha t  are  available,  the  tab le  shows 

- 
The oxygen i n  t h i s  carbon dioxide mounts t o  

some 32/44th of t h i s  2.25 pounds or about 1.64 pounds per  day, some 0.36 pound 

per  day less than w a s  consumed. On the other hand, t h e  excess of water produced 

by man, by his metabolic process, amounts t o  some 0.70 pound per  day, t h i s  water 

containing some 0.62 pound per  day of oxygen. 

O.go/-pound shortage i n  the  carbon uioxiae r e su i t s  i n  an excess of some 0.26 pound 

of oxygen per man per  day, which i s  i n  the form of water, weighing some 

0.29 pound. 

reclaimed - t h a t  i s ,  tine water contained i n  tne  feces reciaimed as w e i i  as t'nat 

i n  t h e  urine, i n  t h e  wash water, and from the  humidity control system, not only 

Reducing t h i s  0.62 gain by the  

Thus, i f  nearly a l l  t he  water i n  the  wastes of the  body were 

would oxygen make-up f o r  t he  oxygen reclamation system be unnecessary but a l so  

some s m a l l  ineff ic iencies  i n  the  water management system could be afforded. The I 
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decision as to what efficiency is required w i l l  depend on the weight trade-offs 

.P-- &Le-- ---- L -  
IUI U C ~ C  s y s ~ ~ n s  iiiciiiding tile vehicle leakage. 

however, that these numbers are variable and depend on man, his environment, work 

load, diet, and so forth. 

people who may be making such space trips is not well defined here on earth, to 

say nothing about the variations which may exist in a zero or partial gravita- 

tional field. The fundamental principle, however, is valid, that man produces 

more water, or.oxygen in this water, than he consumes, this surplus coming from 

the food that is eaten. 

It snouid be empnasized again, 

The magnitude of these nmibers, on an average, for 

With a completely closed system such as the photosyn- 

thetic system, this is not true, for this surplus is only existent when 

stored, not produced, by the system. 

By applying this 0.70 pound of surplus water, which 2s dotained by 

management system which is about 99.7-percent efficient, to the make-up 
e 

food is 

a water 

of the 

oxygen reclamation,system, the launch weight of the vehicle.cu -GS significantly 

reduced. In figure 4 the total weight of both the environmental control and the 

water management systems is shown as a dashed curve (curve 2). 

4- 
Shown also, for 

reference, is the best of the near-future state-of-the-art systems which are now 

in the research and development state (curve 1). None of these weight penalties 

include the expendables for make-up of leakage and for thermal control, since 

these depend heavily on vehicle structure, vehicle atmospheric pressure, and 

duration of the mission. In addition, these curves do not reflect the weight of 

stores for food. Shown also, is the current estimate for the weight penalty for 

the 3-month missions. The near-future curve does not intersect this point, since 

this curve was generated by systems which are optimum for the longer tirce period. 

Even so, this f i w e  shows that by optimizing the water reclamation system and 

applying these reclamation products to the make-up of the environmental control 

- 7 -  
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system, substantial savings in launch weights can be had; the crossover point 

occurring at something less than 200 days. i 
Curve 2 on figure 4 represents the weight of the combined environmental con- 

trol and water management systems at launch, necessary to support man for the 

~ 

time periods shown, these time periods enabling manned missions to the nearest 

I 
of the planets. If the weights of the following are added to this curve (as 

derived from the particular vehicle configuration) thermal control systems, 

atmospheric gas storage to maintain vehicle pressure due to gas loss from leakage, 

and a supply of food, probably in the form of freeze-dehydrated food, a final 

curve representing the total launch weight for the life support system would be 

obtained. 

For these missions, special attention must be given to a number of systems, 
4 

aside from the problem of providing the necessary overall reliability and main- 

tenance capability; most notable of these is the contaminant sensing and control 

system. This problem does not occur in the short-term, high leak-rate vehicles 

such as Mercury. 

the problem of contamination of the vehicle atmosphere by materials outgassing and 

by the occupants themselves presents a serious problem. 

subsystems which selectively oxidize or remove these contaminants must be 

developed, together with a sensor capable of both the identification and measuring 

of the concentration of all of the possible contaminants which may be harmful to 

the occupants. 

penalty associated with these systems, but because too little is presently kr,own 

With the low leak rate necessary for economy of launch weight, 

Atmospheric filters or 

Tnis area requires special attention, not because of the weight 

about the possible contaminants which xen and materials will inject into this 

atmosphere and how man will react to these contaminants. 

problem of the design and production of a sensor which w i l l  be capable of both the 

Further, there is the 

- a -  
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determination of the identification and concentration of all of the contaminants 

which may possibly occur over these time periods. 

tion, be constructed as a "flight instrument,'' that is, it must be small, light- 

weight, have low power consumption, and be able to survive and function during 

the periods of the acceleration and vibration within the launch vehicle. 

This instrument must, in addi- 

In summary then, some of the possible systems that are within the near 

future state of the art for the support of man for long-term missions to other 

planets within the s o l a r  system have been discussed. Outlined briefly are those 

systems necessary to sustain life and some details as to the weight and charac- 

teristics of these systems and of man in these systems. 

Certain problem areas which are apparent when these systems are considered 

and which must be solved well in advance of any attempt to accomplish these mis-  

sions are as follows: First, and certainly most obvious, is the problem of pro- 

ducing these life support systems, together with their instrumentation and con- 

0 

trols'which must function with the required reliability and economy to permit 

these missions. 

rather with the design,,construction, and evaluation of these systems. 

This problem lies not so much with the theory of operation, but 

Second is the problem area of man within this environment. Much more must 

be known about ma31 in order to design and build these systems. For example, the 

solution to the contaminant control problem could, without much doubt, be solved 

readily if there existed with certainty the knowledge of what contaminants these 

materials and a n  are going to inject into this atmosphere, and, of equal or  per- 

haps more importance, what maximum allowable concentrations of these contaminants 

man can tolerate for these time periods without suffering a degradation of 

performance . 

f 
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Finally, there is the problem of what numbers can be expected in terms of 

pounds per day per man, with respect to oxygen uptake, carbon dioxide output, 

water production, and nutritional balance. A l l  these factors must be considered 

~ 

within a zero or partial g environment, within reasonably confined quarters, and 
I for these time periods. 

obtained by experiment with man in Such vehicles as space stations for these time 

periods. 

The solution to these problems can probably only be 
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Figure 1 - Life s u p r t  systen for  mdium &ration mission. 

Figure 2 - Envlromental control systen. i 

F i w e  3 - Water mansgemnt system. 

Figure 4 - Oxygen and water balance. 

Figwe 5 - Cm3ined emriromental control and water mamgement 
systems 
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